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A BST R AC T   
 
Aim: To examine the effect of foot anthropometric measurements and body sizes of young male 
adults with normal posture on balance. 
Methods: In this study, the effect of body size and foot anthropometric measurements of 112 young 
male adults with normal posture on balance was investigated. The foot and body parameters of the 
cases were measured. The static and the dynamic balance tests were evaluated according to the 
dominant foot in each case. The parameters that affected balance were determined and the variables 
were taken to the model. In addition, the significance levels that defined the effects of the properties 
examined in relation with the balance were also calculated.  
Results: When the findings were evaluated, it was determined that the effect of the foot parameters 
other than the foot length, and the effect of 15 body parameters other than the biiliac diameter, 
trochanteric height, and right upper extremity length on balance performance was significant. The 
balance test performance was predicted with success ranging from 7.8% to 43% with the parameters 
included in the model.  
Conclusion: In this study, the fact that the relation between the foot anthropometric and body 
dimensions and functional balance performances of young male adults was found to be significant 
shows that this relation must be considered in the creation of a normative database on balance, and in 
clinical studies that will be conducted on the subject. 
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Introduction 
As a measurement technique in the human 
body, anthropometry can be defined as a 
quantitative expression technique of the shape 
of the human body [1].   
Today, anthropometry is considered as the most 
portable, universally applicable, cheap and 
noninvasive technique to evaluate the size, 
proportions and composition of the human 
body [2]. With the help of this technique, 
especially individual differences like age and 
gender in the human body, and population 
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differences variables were evaluated in 
previous studies [3,4]. 
Anthropometric assessments in the human body 
contains the measurements of circumferences, 
height, diameter, and fat mass tissue. When the 
studies in the literature were examined, many 
studies using these anthropometric 
measurement methods were identified [5,6]. 
However, the individual anthropometric 
differences that were assessed in these studies, 
which evaluated mostly body components and 
positions, were limited with height, weight and 
Body Mass Index (BMI), and did not assess 
other anthropometric changes [7,8]. 
It is necessary to evaluate the results of studies 
according to anthropometric differences, 
because there will be changes in individual 
body components even if the study is limited 
with height, weight and BMI in the planning of 
the previous studies.  
In the present study, the purpose was to 
examine the effect of foot anthropometric 
measurements and body sizes of young male 
adults with normal posture on balance. 
 
Materials and Methods 
The participants of the study were selected 
randomly from among the volunteers who were 
educated at or who worked at Bolu Abant Izzet 
Baysal University, and those who fit the 
inclusion criteria were included in the study. A 
total of 112 volunteering men that had an 18-25 
age range and a BMI in normal limits were 
included in the study.  
Considering the gender and age selection of the 
participants, the different hormonal cycle of 
every woman, difficult to standardize, which 
can cause changes in the musculoskeletal 
system affecting our balance performance 
results, only young male cases were included in 
our study, and their characteristics were 
evaluated.  
The selection criteria for the participants 
were: 
Inclusion criteria: Not having neurological or 
orthopedic disease that might cause balance 
disorder. Not having foot deformity. Not have 
any past surgery that might affect the foot and 
musculoskeletal system.  
Having normal posture and asymptomatic 
status. 
Having BMI within normal limits (18.50-24.9 
kg/m2).  
Being between the ages of 18 and 25.  
Having male gender. 
Not having sports-doing history. 
Being volunteer to take part in the study. 
Exclusion criteria: Having a neurological or 
orthopedic disease that might cause balance 
disorder. Having foot deformity. Having past 
surgery that might affect the foot and 
musculoskeletal system.  
Not having normal posture and asymptomatic 
status. 
Not having the BMI scores within the normal 
limits.  
Being between the ages of 18 and 25.  
Having female gender. 
Having sports-doing history. 
Not volunteering to participate in the study. 
This study was conducted in accordance with 
the rules of the Declaration of Helsinki. Written 
informed consent was obtained from each 
participant. The rights of the subjects were 
protected. It was approved by the Bolu Abant 
Izzet Baysal University Clinical Researches 
Ethics Committee Approval, Decision 
No:2018/91.  
 
Measurements 
In the present study, the parameters and balance 
tests of the foot and body dimensions of the 
cases were evaluated. In addition, posture 
evaluation of the cases were examined by using 
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posture analysis by visual observation method.  
To determine the parameters of the foot, body 
dimensions and the deformity status of the 
cases, the measurements and evaluations were 
made by using a digital caliper, digital 
goniometer, height meter, length meter, tape 
measure ruler, and foot-graphics device. All the 
measurements were performed by the same 
evaluator and balance performance tests were 
performed under doctor's supervision. The 
measurements were recorded in millimeters 
(mm) or degrees. In addition, for each case, age, 
height (stature), weight, BMI, dominant hand, 
dominant foot and all measurements were 
recorded in Excel.  
 
Foot Parameters 
The names and abbreviations of the foot 
parameters that were measured are given 
below. All measurements were made with a 
Digital Caliper [9-11]. 
1. Foot Length (FL)   
2. Foot Width (FW)   
3. Foot Heel Width (FHW)  
4. Foot Height (FH)  
5. Medial Malleoli Height (FMH)  
6. Lateral Malleoli Height (FLH)  
7. Height of Metatarsophalangeal Joint at First Toe 
(FM1) 
8. Height of Metatarsophalangeal Joint at Fifth Toe 
(FM5) 
9. Instep Apex Height (FAH)  
10. Navicular Height (FNH)  
 
Body Parameters  
The names and abbreviations of the 18 body 
parameters that were measured are given below 
[11-13]. 
1. Right Upper Extremity Length (RUL)  
2. Left Upper Extremity Length (LUL)   
3. Lower Extremity Length (LL)  
4. Subtalar Joint Angle (SJA) 
5. Feet Opening Angle (OA)  
6. Acromial Height (AH)  
7. Trochanteric Height (TH)  
8. Patellar Height (PH)  
9. Trunk Length (TrL)  
10. Thigh Length (ThL)  
11. Shank Length (SL)  
12. Biacromial Diameter (BAD)  
13. Biiliac Diameter (BID) 
14. Bitrochanteric Diameter (BTD) 
15. Bimalleolar Diameter (BMD)  
16. Chest Circumference (CC)  
17. Waist Circumference (WC)  
18. Hips Circumference (HC)  
 
Balance Tests 
In the present study, each case was tested for 
functional reach, flamingo balance test, which 
is a static balance test, and time-up and go 
(TUG), which is a dynamic balance test, 10 
meter walk (10 M), and Y-balance test; and the 
results were evaluated according to the 
dominant foot. In the TUG and 10 M test, the 
participants were asked to walk at the highest 
speed in a previously measured limited area. 
1. Flamingo Balance Test: The test was 
applied for both lower extremities. The 
results were evaluated according to the 
dominant (FB) and non-dominant (FB-N) 
side [14]. 
2. Y Balance Test: The test was applied to both 
lower extremities. The anterior, medial, 
lateral components of the test were evaluated 
according to dominant (YA, YM, YL) and 
non-dominant (YA-N, YM-N, YL-N) side 
[15,16]. 
3. Time-up and Go Test (TUG): Since it is a 
performance to which both lower extremities 
take part in, it was not evaluated according 
to dominant side [17]. 
4. 10-meter Walk Test (10 M): Since it is a 
performance to which both lower extremities 
take part in, it was not evaluated according 
to dominant side [18]. 
5. Functional Reach Test: The test was 
applied to the right  (RFR) and left (LFR) 
upper extremities [19]. 
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Statistical Analysis 
The descriptive statistics of the data were 
calculated as mean, Standard Deviation (SD) 
and quartile values. Multiple linear regression 
model with forward selection methods was 
used for the determination of the effects of body 
sizes and foot anthropometric measures on 
balance. Statistically significant level was 
accepted as P<0.05. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results  
The descriptive statistical values of the 
numerical variables of the cases included in the 
evaluations were examined, and the 
demographic characteristics of them were 
determined (Table 1). 
When we examined all the cases in terms of 
dominant foot, the dominant foot of 96 cases 
among the 112 cases was identified as the right  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1. The demographic characteristics of the cases. 
Demographic 
Characteristics 
N Mean 
Standard 
Deviation 
Percentiles 
25 50 75 
Age (years)  112 20.31 1.95 19.00 20.00 21.75 
Height (cm) 112 176.09 6.13 172.00 176.35 179.95 
Weight (kg) 112 70.97 7.85 64.77 71.10 75.99 
BMI (kg/m2) 112 22.85 1.78 21.24 23.03 24.54 
 
Foot Parameters (mm) Dominance Status N Mean 
Standard 
Deviation 
Percentiles 
25 50 75 
FL 
dominant 112 26.30 1.27 25.60 26.09 27.32 
non-dominant 112 26.38 1.23 25.60 26.35 27.22 
FW 
dominant 112 11.35 0.91 10.06 10.37 10.84 
non-dominant 112 10.51 0.55 10.12 10.54 10.94 
FHW 
dominant 112 6.27 0.48 5.98 6.31 6.62 
non-dominant 112 6.35 0.49 6.03 6.34 6.67 
FMH 
dominant 112 8.44 0.63 8.00 8.45 8.90 
non-dominant 112 8.45 0.62 8.00 8.50 9.00 
FLH 
dominant 112 7.13 0.66 6.80 7.20 7.50 
non-dominant 112 7.16 0.57 6.73 7.15 7.50 
FM1 
dominant 112 3.33 0.41 3.10 3.30 3.50 
non-dominant 112 3.34 1.02 3.10 3.20 3.40 
FM5 
dominant 112 2.24 0.54 2.10 2.20 2.30 
non-dominant 112 2.24 0.55 2.00 2.20 2.30 
FAH 
dominant 112 7.15 0.49 6.80 7.10 7.50 
non-dominant 112 7.10 0.50 6.73 7.05 7.50 
FNH 
dominant 112 4.83 0.67 4.40 4.90 5.20 
non-dominant 112 4.77 0.68 4.30 4.80 5.20 
FH  right side 112 7.12 0.54 6.73 7.20 7.50 
 
Table 2. The descriptive values of the dominant and non-dominant foot of the cases. 
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foot, and the dominant foot of 16 cases was 
identified as the left foot. The descriptive values 
of the foot parameters were assessed as 
dominant foot and non-dominant foot. The FH 
parameter was measured from one place, on the 
right side of the case (Table 2). 
The descriptive values of all the cases except 
for the feet were assessed, and are given in 
Table 3. The descriptive values of the static and 
dynamic balance test measurements of all the 
cases were evaluated according to the 
dominance status of the lower extremities 
(Table 4).  
We examined the parameters that affected static 
balance tests. It was determined that FM1 and 
FAH, which are the foot parameters, together 
with LL,  SJA  and  OA  body  parameters  had 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
effects on the dominant side in the FH balance 
test (P<0.05). Since the P value of the foot 
FMH parameter was P<0.10 in the resulting 
model, it was left in the model because it would 
affect the model significantly when it was 
discarded from the model. The effect of this 
variable was also important on balance. When 
the degree of importance of the parameters that 
were included in the model in predicting the FH 
test was examined, it was determined that the 
FM1 parameter, which had the highest 
importance, had the highest effect on FH 
balance. The FH balance test is estimated with 
25.9% success with the 6 parameters included 
in this model (Table 5). When all the systemic 
and anatomical variables in the body that are 
effective   on    balance    were   considered,   it  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Body 
anthropometric 
measurements 
N Mean 
Standard 
Deviation 
Percentiles 
25 50 75 
RUL 112 78.59 3.71 76.48 78.65 80.88 
LUL 112 78.53 3.69 76.05 78.75 80.70 
LL  112 91.93 4.52 89.35 91.50 94.95 
SJA  112 2.15 1.08 1.00 2.00 3.00 
OA 112 19.09 5.65 14.96 18.38 22.80 
AH 112 144.91 5.43 141.85 144.50 147.88 
TH 112 91.09 6.53 88.35 91.50 94.15 
PH 112 49.62 6.12 48.00 49.95 51.40 
TrL 112 53.08 3.63 51.00 53.40 55.50 
ThL 112 42.02 3.34 40.00 41.85 44.08 
SL 112 43.44 5.97 41.08 43.00 44.30 
BAD 112 40.58 1.60 39.70 40.49 41.60 
BID 112 28.93 2.05 27.68 29.17 30.18 
BTD 112 33.18 1.82 32.23 33.22 34.27 
BMD  112 7.45 1.11 7.05 7.29 7.61 
CC 112 91.16 5.35 88.00 91.00 95.00 
WC 112 77.72 7.13 74.85 78.00 82.45 
HC 112 94.84 7.88 92.00 95.50 99.00 
 
Table 3. The descriptive values of the body anthropometric measurements of the cases. 
                                              Sertel Meyvaci et al. / Exp Biomed Res. 2020; 3(3):176-190 
   
 
181 
 
becomes important to reach this high predictive 
value as a result of measuring the 6 parameters. 
It was determined that the foot parameter FM1 
and PH, SJA and OA body parameters had 
effect on the FH-N balance parameter 
(P<0.05). Since the P value of the foot FAH 
parameter was <0.10 in the resulting model, it 
was left in the model because it would affect the 
model significantly when it was discarded from 
the model. The effect of this variable was also 
important on balance. When the degree of 
importance of the parameters that were 
included in the model in predicting the FH-N 
test was examined, it was determined that the 
FM1 parameter, which had the highest 
importance, had the highest effect on FH-N 
balance. The FH-N balance test is estimated 
with 20.6% success with the 5 parameters 
included in this model (Table 6).  
The foot and body parameter of the Y balance 
test, which is one of the dynamic balance tests, 
affecting the YA performance, could not be 
determined, in other words, there are no 
parameters in this model to predict YA 
(R2=0%). Only the FW affects the YM balance, 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
and it was also determined that the CC 
parameter might have a significant effect on the 
model (P<0.10). The YM balance test is 
estimated with 7.8% success with the 2 
parameters included in this model. 
When the YL balance was examined, it was 
found that it only affects the FW. It was also 
found that SJA and FHW might have an effect 
on the model (P<0.10). The YL balance test is 
estimated with 10.5% success with the 3 
parameters included in this model (Table 7). 
When the Y balance test, which is the other 
balance test, was examined, it was determined 
in the non-dominant extremity that it was 
determined that the foot parameters, FMH and 
FW, which affected YA-N performance, and 
CC and HC from the body parameters. It was 
determined that the FLH, FM5, OA, ThL and 
BMI parameters would affect the YA-N 
balance test results significantly in the resulting 
model (Table 8). When the degree of 
importance of the parameters that were 
included in the model in predicting the YA-N 
test was examined, the CC parameter, which 
had the highest   importance,   had  the  highest  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Balance Tests N Mean 
Standard 
Deviation 
Percentiles 
25 50 75 
FH 112 7.79 5.47 3.25 7.00 11.75 
FH-N 112 7.68 5.51 3.00 7.00 11.00 
Y 
Balance 
YA 112 83.37 10.85 75.47 83.65 90.31 
YM 112 60.44 12.24 51.90 60.71 68.58 
YL 112 72.89 14.69 63.52 72.47 84.26 
YA-N 112 82.90 13.40 75.76 83.10 90.41 
YM-N 112 62.99 10.77 55.86 63.69 69.87 
YL-N 112 74.53 12.60 64.09 74.41 85.09 
TUG 112 5.37 0.96 4.70 5.17 6.11 
10 M 112 5.23 0.67 4.71 5.21 5.76 
RFR 112 27.65 8.84 20.72 28.45 34.09 
LFR  112 26.37 8.45 19.33 27.19 32.28 
 
Table 4. The descriptive values of the static and dynamic balance test measurements of the cases. 
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effect on the YA-N balance. The YA-N balance  
test is estimated with 21.2% success with the 9 
parameters included in this model. 
Only FW, which is among the foot parameters, 
and the SL, CC and BMI, which are among the 
body parameters, affect the YM-N balance. It 
was determined that the FM5 parameter has a 
significant effect on the model (P<0.10). When 
the degree of importance of the parameters that 
were included in the model in predicting the 
YM-N test was examined, the CC parameter, 
which has the highest significance, has the 
highest effect on the YM-N balance. The YM-
N balance test is estimated with 15.0% success 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
with the 5 parameters included in this model.  
When the YL-N balance was examined, it was 
determined that only the FW, which is among 
the foot parameters, and the CC, SL, SJA and 
BMI, which are among the body parameters, 
affect it. It was determined that only ThL might 
have an effect on the model (P<0.10). When the 
degree of importance in predicting the YL-N 
test was examined, it was determined that the 
CC parameter, which had the highest 
significance, had the highest effect on the YL-
N balance. The YL-N balance test is estimated 
with 14.6% success with the 6 parameters 
included in this model (Table 8). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Model term 
FH 
Coefficient SD± t P 
95% Confidence interval 
Importance 
Lower Upper 
Intercept -13.531 9.836 -1.376 0.172 -33.034 5.972  
FM1 6.715 1.701 3.948 0.0001 3.342 10.087 0.329 
FAH -4.278 1.348 -3.172 0.002 -6.952 -1.604 0.213 
LL 0.453 0.171 2.647 0.009 0.114 0.793 0.148 
SJA -1.109 0.438 -2532 0.013 -1.978 -0.241 0.135 
OA -0.182 0.083 -2.189 0.031 -0.346 -0.017 0.101 
FMH 1.899 1.016 1.869 0.064 -0.116 3.914 0.074 
 
Table 5. The effect of foot and body parameters on the FH test. 
Model term  
FH-N 
Coefficient SD± t P 
95% Confidence interval 
Importance 
Lower Upper 
Intercept -20.218 10.314 -1.960 0.053 -40.666 0.230  
FM1 5.807 1.744 3.330 0.001 2.350 9.265 0.327 
PH 0.584 0.183 3.194 0.002 0.221 0.946 0.300 
SJA -1.032 0.460 -2.244 0.027 -1.944 -0.120 0.148 
OA -0.177 0.084 -2.100 0.038 -0.344 -0.010 0.130 
FAH -2.065 1.149 -1.797 0.075 -4.342 0.213 0.095 
 
Table 6. The effect of foot and body parameters on the FH-N test. 
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Model 
term  
Y Balance 
 
Coefficien
t 
±SD t P 
95% Confidence 
interval 
Importanc
e 
Lower Upper 
 
YM 
Intercept   -23.205 25.142 -0.923 0.358 -73.036 26.625  
FW 4.870 1.886 2.582 0.011 1.132 8.608 0.699 
CC 0.361 0.213 1.696 0.093 -0.061 0.782 0.301 
 
 
YL 
Intercept  37.262 26.073 1.429 0.156 -14.418 88.942  
FW 7.073 2.261 3.128 0.002 2.591 11.556 0.585 
SJA -2.368 1.268 -1.868 0.064 -4.881 0.145 0.208 
FHW -5.265 2.829 -1.861 0.065 -10.872 0.343 0.207 
 
Table 7. The effect of foot and body parameters on the Y balance test. 
 
Model term  
Y-N Balance 
 Coefficient ±SD t P 
95% Confidence interval 
Importance 
Lower Upper 
YA-N 
Intercept  93.833 30.976 3.029 0.003 32.393 155.274  
CC 1.217 0.345 3.523 0.001 0.532 1.902 0.236 
FMH -8.552 2.603 -3.285 0.001 -13.715 -3.389 0.205 
HC -0.842 0.339 -2.484 0.015 -1.515 -0.170 0.117 
FW 5.188 2.205 2.353 0.021 0.814 9.563 0.105 
FLH 5.378 2.744 1.960 0.053 -0.064 10.820 0.073 
OA -0.412 0.213 -1.935 0.056 -0.833 0.010 0.071 
BMI -2.182 1.137 -1.919 0.058 -4.436 0.073 0.070 
ThL -0.683 0.379 -1.802 0.075 -1.434 0.069 0.062 
FM5 11.129 6.296 1.768 0.080 -1.359 23.617 0.059 
YM-N 
Intercept  -8.455 25.752 -0.328 0.743 -59.512 42.601  
CC 0.849 0.277 3.068 0.003 0.300 1.398 0.327 
FW 4.637 1.726 2.687 0.008 1.216 8.058 0.251 
BMI -1.872 0.840 -2.228 0.028 -3.538 -0.206 0.172 
SL -0.730 0.362 -2.016 0.046 -1.449 -0.012 0.141 
FM5 9.029 5.100 1.770 0.080 -1.083 19.141 0.109 
YL-N 
Intercept  51.095 29.546 1.729 0.087 -7.490 109.679  
CC 1.022 0.334 3.062 0.003 0.360 1.683 0.254 
FW 5.704 1.953 2.920 0.004 1.830 9.577 0.231 
BMI -2.508 0.997 -2.516 0.013 -4.485 -0.531 0.171 
SL -1.010 0.430 -2.350 0.021 -1.863 -0.158 0.149 
SJA -2.348 1.072 -2.191 0.031 -4.474 -0.223 0.130 
ThL -0.558 0.360 -1.550 0.124 -1.272 0.156 0.065 
 
Table 8. The effect of foot and body parameters on the Y-N balance test. 
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When the TUG balance was examined, only the 
PH, LL and BAD, which are among the body 
parameters, and FHW, which is among the foot 
parameters, affect it. It was also determined that 
BTD, ThL, TrL and SJA might have an effect 
on the model (P<0.10). When the degree of 
importance of the parameters that were 
included in the model in predicting the TUG 
test was examined, it was determined that the 
PH parameter, which had the highest 
importance, had the highest effect on the TUG 
balance. The TUG balance test is estimated 
with 32.0% success with 8 parameters included 
in this model (Table 9). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When the 10 M balance was evaluated, it was 
determined that only the FNH, which is among 
foot parameters, affected it, and no body 
parameters affected it. It was also determined 
that FM5, FHW and BAD might have effect on 
the model (P<0.10). When the significance 
level of the parameters that were included in the 
model in predicting the 10 M test was 
examined, it was determined that the FNH 
parameter, which had the highest significance 
level, had the highest effect on the 10 M 
balance. The 10 M balance test is estimated 
with 15.0% success with the 4 parameters 
included in this model (Table 10). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Model term 
TUG 
Coefficient ±SD t P 
95% Confidence interval 
Importance 
Lower Upper 
Intercept  6.369 2.496 2.552 0.012 1.418 11.319  
PH 0.136 0.039 3.522 0.001 0.060 0.213 0.274 
LL -0.090 0.027 -3.327 0.001 -0.143 -0.036 0.244 
BAD -0.118 0.054 -2.189 0.031 -0.225 -0.011 0.106 
FHW 0.346 0.171 2.028 0.045 0.008 0.685 0.091 
BTD 0.095 0.051 1.876 0.064 -0.005 0.195 0.078 
ThL 0.047 0.026 1.791 0.076 -0.005 0.098 0.071 
SJA 0.134 0.076 1.774 0.079 -0.016 0.285 0.070 
TrL -0.043 0.025 -1.740 0.085 -0.092 0.006 0.067 
 
Table 9. The effect of foot and body parameters on the TUG balance test. 
 
Model term  
10 M 
Coefficient SD± t P 
95% Confidence interval 
Importance 
Lower Upper 
Intercept  6.637 1.756 3.781 0.0001 3.157 10.118  
FNH 0.248 0.096 2.586 0.011 0.058 0.438 0.421 
FM5 -0.587 0.309 -1.902 0.060 -1.200 0.025 0.228 
BAD -0.066 0.038 -1.727 0.087 -0.141 0.010 0.188 
FHW 0.216 0.134 1.615 0.109 -0.049 0.481 0.164 
 
Table 10. The effect of foot and body parameters on the 10 M test. 
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When the RFR test was examined, the effects 
of FNH and FAH, which are among foot 
parameters, and LUL, LL and OA, which are 
among the body parameters, were determined. 
The effect of BTD was not found to be at 
statistically significant level on the model. 
When the significance level of the parameters 
that were included in the model on predicting 
the RFR test was examined, it was determined 
that the LUL parameter, which had the highest 
significance level, had the highest effect on the 
RFR balance. The RFR balance test is estimated 
with 27.0% success with the 6 parameters 
included in this model (Table 11). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When the LFR test was evaluated, it was 
determined that the AH, CC, LUL, BTD, BAD, 
WC ve BMI, which are among the body 
parameters, and the FNH, FW ve FH, which are 
among the foot parameters, had effects. When 
the significance level of the parameters that 
were included in the model in predicting the 
LFR test was examined, it was determined that 
the FNH parameter, which had the highest 
significance level, had the highest effect on the 
LFR balance. The LFR balance test is estimated 
with 43.0% success with the 10 parameters 
included in this model (Table 12). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Model term  
RFR 
Coefficient SD± t P 
95% Confidence interval 
Importance 
Lower Upper 
Intercept  48.488 18.893 2.566 0.012 11.027 85.950  
LUL -0.839 0.282 -2.975 0.004 -1.399 -0.280 0.239 
FNH -3.941 1.419 -2.777 0.006 -6.754 -1.127 0.208 
LL 0.659 0.245 2.696 0.008 0.174 1.144 0.196 
OA 0.334 0.136 2.466 0.015 0.065 0.603 0.164 
FAH 3.669 1.821 2.014 0.047 0.058 7.280 0.110 
BTD 0.877 0.499 -1.758 0.082 -1.867 0.112 0.083 
 
Table 11. The effect of foot and body parameters on the RFR test. 
 
Model term  
LFR 
Coefficient SD± t P 
95% Confidence interval 
Importance 
Lower Upper 
Intercept 9.001 21.085 0.427 0.670 -32.831 50.832  
FNH -6.451 1.228 -5.253 0.0001 -8.887 -4.014 0.203 
AH 1.160 0.225 5.150 0.0001 0.713 1.607 0.195 
BMI 3.071 0.712 4.312 0.0001 1.658 4.483 0.137 
CC -0.714 0.203 -3.513 0.001 -1.117 -0.311 0.091 
LUL -0.829 0.240 -3.459 0.001 -1.304 -0.353 0.088 
FW -3.615 1.171 -3.087 0.003 -5.938 -1.292 0.070 
BTD -1.371 0.486 -2.822 0.006 -2.336 -0.407 0.059 
FH 4.240 1.589 2.668 0.009 1.087 7.393 0.052 
BAD 1.214 0.483 2.515 0.014 0.256 2.172 0.047 
WC -0.438 0.202 -2.171 0.032 -0.839 -0.038 0.035 
 
Table 12. The effect of foot and body parameters on the LFR test. 
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When all of the systemic and anatomic 
variables of the body that are effective on 
balance were evaluated, it was determined that 
measuring these parameters is important in 
having high predictive value in studies that are 
based on performance like balance and in 
achieving accurate results.  
 
Discussion 
Anthropometric data provides information 
regarding the static dimensions of the human 
body in standard postures. Anthropometry has 
been used as the indicator of health status in 
national anthropometric sizing studies over 
years [20]. Knowing all the factors that might 
affect anthropometric measurements is 
important for accurate planning of studies, by 
considering individual anthropometric 
differences and obtaining accurate results in 
studies, and more data are necessary. These 
anthropometric measurements are affected by 
many factors which include age, height, weight, 
gender and ethnic origin. For this reason, many 
studies were conducted by considering the 
factors, which affect anthropometric 
measurements [21-23]. 
When the studies in the literature were 
examined, it was determined that many 
researchers considered the factors, which 
affected anthropometric measurements, and 
which limited these factors, especially age and 
gender, to obtain more accurate results [24-26]. 
Many researchers who are interested in 
anthropometric measurements conducted 
studies to standardize these values in their 
population by considering the racial differences 
and ethnicity [27]. 
In the present study, many anthropometric 
measurements of the foot and body were 
examined by limiting age, BMI and gender. 
Many researchers who are interested in foot 
anthropometry conducted studies on foot 
measurements, shoe dimensions, foot print, 
plantar pressure, sex identification, age and 
stature estimation [28-31]. In these studies, 
most of the measurements were made with the 
help of calipers and measuring tapes in addition 
to radiography and computed tomography 
[9,32-34].  
In the present study, which examined the effects 
of foot anthropometric measurements on 
balance, the foot parameters were measured 
bilaterally by using digital caliper. 
When similarly-planned studies were 
examined, it was determined that some 
researchers examined the parameters like FL 
[12,34,35], FW [10,12,34], FHW [9,36], FH, 
FMH, FLH, FM1, FM5, FAH ve FNH 
[9,10,28], which are among foot parameters, 
were investigated by some researchers. When 
the results were compared, it was determined 
that although some results were similar to ours, 
some other results were different. We believe 
that this might be due to the fact that researchers 
included different number of cases in their 
studies, and that the cases did not have the same 
age and population. 
When the studies conducted on body 
parameters were examined, it was determined 
that stature, weight, upper and lower extremity 
lengths; body heights like AH, TH, PH, and 
lengths of body parts like TrL, ThL, SL; 
diameter and circumference measurements, 
foot and hand measurements; anthropometric 
measurements like OA, SJA and BMI were 
evaluated by researchers [10,11,13,27,37]. As 
in these studies, in our study, body heights like 
stature, weight, RUL, LUL, LL, AH, TH, PH, 
height of body parts like TrL, ThL, SL, 
circumference measurements like CC, WC, 
HC, foot measurements and OA, SJA, BMI 
parameters were evaluated. 
Among the studies, which necessitate that the 
physical participation of individuals like 
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balance, which may affect the results, the 
studies assessing balance are important.  
When other studies conducted in the fields of 
running, swimming and other sports that 
require balance-level performance were 
examined, many body anthropometric 
parameters were taken into account [7,37-39]. 
It was found that there are limited studies 
especially examining the relations between 
balance and foot and body anthropometric 
measurements [40,41]. In their study, Alonso et 
al. evaluated the balance parameters with the 
help of a device, and found that there was a 
relation among height, trunk-cephalic length, 
upper-limb length, and lower-limb length [40]. 
In their study, Keionen et al. examined the 
effect of foot parameters on balance, and 
concluded that there was a relation among 
heigth, hip-ground distance, and knee-ground 
distance and some balance parameters 
especially in foot width, heel width, and foot 
length [41]. In another study conducted by 
Moein and Movaseghi on female cases, no 
relation was detected about foot length 
parameter, although a relation was detected 
with the lower leg length parameter and balance 
[42]. In the present study, the effect of the foot 
parameters on balance was examined, together 
with other body parameters, and what effect it 
had on a performance like balance was 
investigated. When the findings were 
evaluated, it was determined that the other foot 
parameters except for the foot length, the effect 
of the body parameters except for the length of 
the right upper extremity, biiliac diameter, and 
trochanteric height had effects on balance 
performance. The foot width (0.699) had the 
highest significance among the foot parameters, 
and the chest circumference (0.327) among the 
body parameters had the highest significance. It 
was concluded that balance test performance 
can be predicted with the parameters included 
in the model with a success ranging from 7.8% 
to 43%. In the present study, it was also found 
that especially BMI, chest, waist and hip 
circumference measurements had effects on the 
results of some balance tests. 
 
Conclusions 
Balance is defined as the ability to keeping the 
center of gravity of the body on the support 
center connected to a good functional postural 
control system. This complex nervous system 
process is fed with visual, auditory and 
somatosensorial stimuli. The resulting answer 
is a whole of neuromuscular stimulation 
reaching the musculoskeletal system [43].  
Balance is controlled with the detection of the 
movements, positions and proprioceptive 
senses coming from the foot by adjusting them 
according to the environment with the central 
nervous system. As a result of our study, it was 
determined that the anthropometric of the foot 
and body had an effect on the balance results. 
In the present study, which included only male 
cases and in which the age range was limited to 
18-25, normative data of balance were obtained 
and contributed to the literature by considering 
all the factors that might affect balance 
performance.   
Which among the different foot and body 
parameters would affect static and dynamic 
functional balance tests was also determined in 
our study. In this respect, different parameters 
should be considered according to the test to be 
performed when selecting balance tests.   
In the light of the obtained data in the present 
study, it was found that the relation between 
foot anthropometric and body measurements 
and functional balance performances of young 
male adults with normal posture is significant; 
and we believe that the results can be useful in 
evaluating and planning of future clinical 
studies. 
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